INTRODUCTION
Alpha-actinins are cytoskeletal proteins belonging to the spectrin superfamily, exhibiting high evolutionary conservation [9] . In humans four actinin-encoding genes have been identified, i.e. ACTN1-ACTN4.
The ACTN1 and ACTN4 genes are non-muscle isoforms, while ACTN2
and ACTN3 are expressed in myocytes, being responsible for the binding of actin myofilaments to the Z-disc in the muscle sarcomere. Actinin 2 is found in all fibre types, whereas actinin 3 is expressed only in muscle fibres type IIA and IIX, used in short-term effort of high intensity (1) . Apart from the mechanical functions they serve, ACTN2 and ACTN3 also participate in numerous metabolic pathways and in signalling processes [7] . 
POLYMORPHISM OF THE α-ACTN3 GENE IN INDIVIDUALS PRACTISING DIFFERENT SPORTS DISCIPLINES
status and the character of practised disciplines. Sprinters of both sexes had allele R in their genotype more frequently than it was recorded in the controls, which indicates a significant role of actinin 3 in the functioning of fast-twitch fibres and which seems evolutionarily advantageous for this type of exercise. In women practising sprint running the RX genotype was observed more often than it had been expected, while a lower than anticipated frequency was found for the RX genotype among women practising endurance disciplines.
A lack of a similar dependency among men suggests that the ACTN3 genotype affects fitness in athletes in a slightly different way in men and in women due to involvement of androgens in response to training [19] . Also studies by Niemi and Majamaa on a group of leading Finnish athletes of the endurance profile and in sprinters showed a higher frequency of the 577RR genotype in sprinters, in contrast to the XX genotype, recorded more frequently in "endurance"-type athletes. None of the examined leading sprinters represented the XX genotype [10] .
The association of the R577X polymorphism with the elite athlete status and fitness suggests that a lack of actinin 3 affects the functioning of muscle fibres type IIA and IIX. In ACTN3 knock-out mice MacArthur et al. observed significant changes in fast-twitch fibres, i.e. a reduction of their diameters, enhanced activity of many enzymes in oxidative pathways, changes in contractility, faster elimination of fatigue, and thus transition towards properties of slowtwitch fibres, characterized by aerobic metabolism, resulting in an increase in endurance capacity [8] . The composition of muscle fibres analysed by Vincent et al. showed a much higher number and area of IIA and IIX fibres in RR than XX genotype individuals, which would indicate a relationship between the R577X ACTN3 polymorphism with regulation of fibre proportions in muscles [17] .
The aim of this study was to analyse polymorphism in the alpha-ACTN3 gene, which in terms of muscle metabolism may affect the parameter of physical efficiency of the organism, such as the maximal oxygen uptake ( · VO 2 max) in the group of young individuals, both practising sports disciplines differing in terms of the nature of energy metabolism, and those less physically active. At the time the investigations within this study were initiated, this problem to the best of our knowledge had not been addressed in the Polish population and no results from completed studies on this problem were available. for non-training and 56.4 ± 7.2 ml/kg·min -1 for involved in training.
MATERIALS AND METHODS

Experimental
RESULTS
In the group of individuals involved in training the highest values of maximal oxygen uptake were recorded for representatives of endurance disciplines (51.5 ± 6.9 ml/kg·min -1 for women and 62.4 ± 9.0 ml/kg·min -1 for men) while the lowest were observed for representatives of endurance-speed-strength disciplines (47.5 ± 4.5 ml/kg·min -1 for women and 53.8 ± 4.2 ml/kg*min -1 for men).
Results of molecular analyses
An example of the result for genotyping of the R577X ACTN3 polymorphism is presented in Figure 1 .
Association analysis of the examined gene with the volume of ·
VO 2 max
Within this study an analysis was conducted on the association of the investigated polymorphism with the volume of maximal oxygen uptake recorded for examined individuals. In the experimental group the frequency of alleles and genotypes and the distribution of Homogeneity of variance was verified using the Bartlett's test.
Differences in the values of maximal oxygen uptake recorded for different polymorphic variants of the examined gene were determined on the basis of one-way ANOVA -with the parametric t test.
Descriptive statistics and the comparative analysis of maximal oxygen uptake recorded for individual polymorphic variants of the investigated gene are presented in Table 2 . Differences between mean values of maximal oxygen uptake observed in the three groups with different genotypes turned out to be statistically non-significant. In order to verify whether there are differences in the volume of maximal oxygen uptake for different genotypes depending on the degree of physical activity, women and men participating in the study were divided into groups of training individuals and those not practising sports. The distribution of genotypes and values of maximal oxygen uptake (minimum, maximum and mean value) in the subgroups for individual polymorphisms are presented in Table 3 . No statistically significant differences were observed.
Results were also analysed in terms of differences in the volume Table 4 . Analysis of variance did not show statistically significant differences in the volume of · VO 2 max depending on the genotype.
DISCUSSION
High individual variation in the observed effort tolerance in the overall population, but also in the population of athletes alone, indicates the advisability to describe factors modifying this capacity, which are obviously many due to the complex character of the trait, such as physical fitness.
The R577X ACTN3 polymorphism, identified in 1999 by North et al., was selected for the investigations as there were scarce publications on the subject, concerning mainly the Finnish population [10, 19] . To the best of our knowledge this is the first original study on this polymorphism in the Polish population in the context of a search for genes determining physical fitness. 
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) BETWEEN GROUPS WITH DIFFERENT GENOTYPES OF THE R577X ACTN3 POLYMORPHISM IN THE GROUP OF WOMEN AND MEN PRACTISING DISCIPLINES WITH DIFFERENT CHARACTER OF ENERGY METABOLISM AND THOSE NOT INVOLVED IN TRAINING
Note: Analysis of variance did not show statistically significant differences in maximal oxygen uptake between RR, RX and XX genotypes within the established subgroups. The authors concluded that a lack of actinin 3 is not the primary cause for the commonly known, high endurance capacity of Africans [20] . The fact that higher values of maximal oxygen uptake are recorded for individuals with the XX genotype, which is characterized by a lack of actinin 3 in muscle fibres, is consistent with the mechanism of development of physical fitness towards the aerobic type in case of a lack of predisposition to generate high power by muscles, which was proposed by MacArthur [8] . It is of interest that among the 11 women and 24 men practising speed-strength disciplines as many as 6 women and 14 men had the RR genotype, while only 2 individuals in each group had the XX genotype. In the subgroups of disciplines with the predominance of aerobic metabolism and those not involved in sports the numbers of individuals with particular genotypes were closer to the normal distribution, with the predominance of RX heterozygotes, while in the subgroup of disciplines with mixed type energy metabolism genotypes with the speed-strength allele R (RR and RX) also predominated. The more frequent incidence of the RR and RX genotypes in soccer players (a discipline with mixed effort metabolism) was also observed by Santiago et al. in their studies on the distribution of ACTN3 genotypes in athletes [14] .
Among analyses on the R577X ACTN3 polymorphism only a few concern the effect on maximal oxygen uptake. A study by Lucia et al. on a group of elite cyclists did not confirm the difference in the distribution of genotypes between the group of athletes and the control group. Moreover, values of · VO 2 max recorded between individual ACTN3 genotypes among cyclists were not significant [6] .
Results obtained in this study on the one hand are consistent with the results reported by Lucia et al. in terms of the effect of this polymorphism on the level of maximal oxygen uptake, while on the other hand there is an observable trend for the characteristic distribution of the RR and XX genotypes depending on the character of practised sports disciplines, which in turn is consistent with most results of studies on different populations worldwide [4, 10, 12, 19] .
Studies aiming at the search for genotypes determining physical fitness are developing at a fast rate. Analysis of associations of individual polymorphisms at present is considered to be a relatively ineffective method to search for the genetic background of complex traits. Genetic models are being formed, taking into consideration several polymorphisms in order to create an optimal profile characterization of athletes practising a sports discipline with the predominance of a specific type of effort metabolism [13, 18] .
For this reason several analyses need to be performed, covering spatially a narrower range of the genome, subjecting to complex analysis a specific aspect of efficiency, e.g. cardiorespiratory efficiency or efficiency of cell respiration, in order to systematically create the database of genetic profiles advantageous for professional sports.
CONCLUSIONS
No statistically significant effect of the R577X ACTN3 polymorphism on maximal oxygen uptake was found. A trend was observed for higher values of · VO 2 max to be reached by individuals with the XX and RX genotypes and a predominance of the RR genotype was found in the group of individuals training for speed-strength disciplines.
